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1. Introduction 
Metabolomics aims at the identification and quantification of all metabolites that are present in a cell, 
tissue or biofluid at a given moment and under particular conditions. Various spectrometric 
technologies are capable of identifying thousands of metabolites. Recently, ultra high-resolution mass 
spectrometry (FTICR-MS or Orbitrap) has been successfully used in metabolomic studies. Such high-
resolution data has also been used to predict ab initio biochemical interactions between metabolites. 
Moreover, perturbation studies allow the use of correlation analysis to infer/confirm links between 
metabolites that correlate across various conditions. 
The combination of these two inference methods generates networks containing hundreds of nodes 
(metabolites) and hundreds of predicted edges (biochemical reactions and/or high correlations). To 
analyze, explore and interpret these two kinds of relations, powerful visualization tools are required. 
There is currently no available software that allows inference and visualization of such high-
resolution metabolomic networks directly from raw data.  
MetaNetter is a new plugin for Cytoscape dedicated to the inference and visualization of high-
resolution metabolomic networks. Inference requires a list of potential biochemical transformations. 
Since the definition of this list is closely related to experimentation (i.e. the organism or perturbation 
under study), we provide facilities to edit/select putative biochemical transformations. The plugin 
also allows the extraction of parts of the network that contain a selected subset of reactions. Finally, to 
enrich the visual exploration, it is possible to visually render local topological properties of the 
network (e.g. degree or clustering index). 
2. Cytoscape installation [taken from Cytoscape 
manual] 
http://www.cytoscape.org/manual/Cytoscape2_5Manual.pdf 
1. Install Java 
If not already installed on your computer, download and install Java SE 5 or 6. Cytoscape 2.5 will no 
longer run with Java version 1.4.x or lower. You must install Java SE 5 or 6!!! 
These can be found at: 
Java SE 5 Java SE 6: http://java.sun.com/javase/downloads/index.jsp 
In general, Java SE 6 is faster than 5. If your machine is compatible with the 6 series, please try version 
6. 
2. Install Cytoscape 
There are a number of options for downloading and installing Cytoscape. All options can be 
downloaded from the http://cytoscape.org website. 
• Automatic installation packages exist for Windows, Mac OS X, and Linux platforms. 
• You can install Cytoscape from a compressed archive distribution. 
• You can build Cytoscape from the source code. 
• You can check out the latest and greatest software from our Subversion repository. 
3. Launch the application 
Double-click on the icon created by the installer or by running cytoscape.sh from the command line 
(Linux or Mac OS X) or double-clicking cytoscape.bat (Windows). Alternatively, you can pass the .jar 
file to Java directly using the command java -Xmx512M -jar cytoscape.jar -p plugins. The -Xmx512M 
flag tells java to allocate more memory for Cytoscape and the -p plugins option tells cytoscape to load 
all of the plugins in the plugins directory. Loading the plugins is important because many key features 
like layouts, filters and the attribute browser are included with Cytoscape as plugins in the plugins 
directory. See the Command Line chapter for more detail. In Windows, it is also possible to directly 
double-click the .jar file to launch it. However, this does not allow specification of command-line 
arguments (such as the location of the plugin directory). 
When you succeed in launching Cytoscape, a window will appear that looks like this (captured on 
Mac OS 10.4): 
 
4. Note on Directory Location 
For the application to work properly, all files should be left in the directory in which they were 
unpacked. 
The core Cytoscape application assumes this directory structure when looking for the various libraries 
needed to run the application. If you are adventurous, you can get creative with the $CLASSPATH 
and/or the cytoscape.jar manifest file and run Cytoscape from any location you want. 
 
3. Compatibility 
1. Java compatibility: 
The current version of MetaNetter is designed for Java 5 or higher. 
2. Cytoscape compatibility: 
MetaNetter had been tested using different versions of Cytoscape. The following table summarises the 
results of this test: 









4. Installing and launching MetaNetter 
1. Downloading MetaNetter 
You can download MetaNetter from: 
 http://compbio.dcs.gla.ac.uk/fabien/abinitio/abinitio.html  
Click on the download link. You will access a web page containing different versions of MetaNetter. 
Download one of these jar files (note that Windows may change the extension into .zip. If so, delete “.zip” 
from the name of the file and replace with “ .jar”). 
2. Installing MetaNetter 
When installing Cytoscape, if you use the default installation process, a directory called “C:\Program 
Files\Cytoscape_v2.5.0\plugins” will be created. This directory will contain all your Cytoscape 
plugins. Save or copy/paste the file called “MetaNetter.jar” to this directory. 
3. Launch the application 
To launch the application, select Plugins->MetaNetter. A new Panel will appear in the lower part. This 
panel is the main user interface of MetaNetter. In the next section we will describe this panel. 
 
 
5. Quick Tour of MetaNetter 
 
MetaNetter specific interactions are provided with the lower panel. It is divided into four sub-panels. 
The first one is the “Inference Panel” which allows addition/removal of the two kinds of edge 
(correlation/transformation). The second is named “Mass Network Parameters”, it is used to load 
data files and to choose a ppm value. The third panel named “Correlation Network Parameters” is 
dedicated to the selection of the correlation order and to define maximum and minimum thresholds 
for correlation network creation. The last panel named “Visual Panel” is used to modify node/edge 
visual attributes according to topological and semantic information. 




In the default Inference Panel setting no edge is 




Selecting “Transformation edges” allows 
computation and visualization of the ab initio 
(biochemical connectivity) edges. This 
computation can take from a few seconds to one 
minute according to the size of the 
transformation list and according to your 
computer power. The mass information will be 
the one provided by the Mass File (see section (2) 
- below) and the Transformation List will be 
provided by a file itself or through directly 




Selecting “Correlation edges” allows 
computation of edges based on the correlation 
between masses (see the accompanying paper for 
an explanation on correlation edges). This 
computation uses threshold values which can be 
user-specified in the correlation Network 






It is important to notice that MetaNetter allows 
simultaneous visualization of correlation and 
transformation edges. This can be achieved by 
selecting both check boxes. 
 
2. Mass Network Parameters Panel 
 
The aim of the “Mass Network Parameters” is to load mass and transformation information that are 
required to build the networks. It contains three lines: 
 
 
The first line contains a button that allows 
selecting the mass file (see section on file 
formats for more information). Once the file is 
successfully loaded the three buttons will be 




The second line contains the ppm value. In 
the text field you can change this value (press 
the Enter key after interring a new ppm 
value!). The higher the value is the more 
numerous transformation edges are, with 2 
ppm an upper limit if the high accuracy of the 




The last line corresponds to the 
transformation specification. The first button 
will open a file chooser where you will select 
a transformation file to load (see the section 
on file formats if you want to create your own 
file). The second button opens the 
transformation editor (see the section on 
Transformation Editor for more details). 
 
3. Correlation Network Parameters Panel 
 
 
This panel permits specification of the parameters used during the computation of the correlation 
edges. Each line corresponds to the correlation order (zero being the Pearson coefficient). They behave 
in the same way. 
If you want to compute a particular order (or up to three orders) select the radio button in front of it. 
Then, using the sliders, you can select the minimum and maximum thresholds used during the 
computation. Finally you can save the correlation matrix (for instance, you want to load it in statistical 
software such as R). 
4. Visual Panel 
 
This panel allows changes to the presentational-form of nodes and edges according to their 
topological and semantic properties. It is composed of two sub-panels: one for nodes, the other for 
edges. You can choose a property by selecting the button in front of it. A value will then be computed 
and rendered by the size of the node or the edge stroke. 
For nodes: 
1. “None” means that all the nodes have the same shape 
2. “Clustering index” (a term taken from the Social sciences) measures the connectivity of the 
neighbourhood of a node. That is the more the neighbour of a node are connected the higher 
the value is. It allows discrimination between nodes that are within a cluster and nodes which 
behave as hubs between clusters. This notion had been successfully used in gene networks. 
3. The “degree” shows the connection of a given node, i.e. the number of edges that are 
connected to this node. 
4. The “mass” allows the represented size of node to correlate with its associated mass. 
For edges: 
1. “None” means that all of the edges have the same shape 
2. “Strength” is a topological metric which is an extension of the clustering index to edges. It will 
give a greater value to edges which are within clusters. 
3. “Zero order correlation” reveals the Pearson correlation between the extremities of an edge: 
the higher the correlation, the thicker the edge is. 
4. “First order correlation” reveals the first order correlation between the extremities of an edge: 
the higher the correlation, the thicker the edge is. 
6. Transformation Editor 
To build an ab initio network, three parameters are required: 
• A list of high accuracy masses 
• A ppm value 
• A list of potential chemical transformations and their associated masses 
The quality of the transformation list will greatly influence the ab initio network. In the MetaNetter 
article we propose a list first published in (Breitling et al., 2006 Metabolomics 2, 155-164) that includes 
an extensive collection of common biochemical reactions. The list is not exhaustive and users may 
wish to modify it. A Transformation Editor Facility is provided for this purpose. The Transformation 
Editor is started by clicking on the Transformation button in the “Mass Network Parameters” panel. 
If you didn’t load a Transformation file you will obtain a blank table: 
 
The table contains four columns: 
1. The “transformation” is a text field that contains the name of the transformation 
2. The “Formula” contains the formula of the removed/added compound(s) 
3. The “Mass” is the exact calculated mass of the transformation 
4. The last column “Selected” determines whether the particular transformation is used or not 
during the inference process. 
By clicking on the “Add reaction” button it is possible to add a new reaction. You will then have to fill 
all the cells. 
 
To edit a list by creating/modifying transformations, it is necessary to validate them by clicking on 
the Validation “OK” button. 
 
The two selection buttons allow for the simultaneous selection of all of the transformations ore to 
unselect all. 
  
It is possible to save a Transformation List. There are two options to do so. One will save only the 
selected ones: “Save Selected” and the other will save all the transformations. Note that the “Save All” 
option will also save the selection. 
7. Background on correlations 
Metabolomics involves the identification of the metabolites contained in a sample. As for gene 
expression, metabolomics can be used for the analysis of organism responses to perturbation i.e. for 
each condition a set of metabolites and their abundance can be detected.  Metabolites belionging to 
pathways whose activity changes according to perturbation may co-vary in a correlated fashion. This 
methodology generates series data. Correlation network building approaches can be applied to these 
data. Given two variables (e.g. masses) X = (x0, ..., xn) and Y = (y0, ..., yn), the Pearson correlation 
coefficient (also called zero order correlation) is defined by: 
 
It can also be defined in terms of variance and covariance: 
 
Partial correlation is the correlation between two variables taking into account the effect of one or 
more other variables. The order of partial correlation corresponds to the number of variables that are 
taken into account. The first order correlation coefficient is defined by: 
 
The second order correlation coefficient is defined by: 
 
The correlation network is built according to the correlation matrix. Each element rij of the matrix is a 
potential link between mass vi and vj. This link (edge) will be added to the network if the value stored 
in rij is greater or equal to a given threshold t. It results in the creation of a Boolean matrix where rij=0 
means that there is no edge between vi and vj and rij=1 means there is an edge between these two 
nodes. This Boolean matrix can be saved using MetaNetter. 
The definition of the threshold is an important parameter for correlation network building. The 




MetaNetter proposes default values equal to 0.9 for the threshold. These values can be changed using 
the correlation network parameters panel. 
8. Creating networks 
All the files used for these examples can be downloaded on the download page. Later in this manual 
we will quickly describe this dataset. 
1. Creating a Mass Network 
Click on the Mass File button to load a mass file 
Open the sampleMassFile.txt file 
Click on the Transformation button 
Open the all_transformations_masses.txt file 
In the inference panel select the box called Transformation edges 
Click on OK in the dialog box, you should see the ab intio network for this dataset 
t=0.5 
Zero order correlation networks, 









First order correlation networks, 
increasing the threshold 
t=0.5 
 2. Creating a Correlation Network (see previous section for 
definitions on correlations) 
Remove transformation edges by clicking on the Transformation Edges box 
Now you can add the correlation edges 
Now we are going to use the default Correlation Network Parameters 
In the Inference Panel select the Correlation Edges box 
 
 
9. Supported file formats 
To allow simple input to MetaNetter plugin we have chosen a simple text file format which can be 
generated by any spreadsheet software. 
 
Simple mass list: 






Quantitative data file: 
The format is similar to that commonly used for gene expression files: a tab-delimited text file, in 
which each column corresponds to one sample/condition. The first column contains the exact mass. 
Note that you can easily export Excel files in this file format. Choose save as-> File type ->text 
(separator:tabulation)  
 
255.342  7.57 1 6.19 7.02 
786.123  4 1 13.45 23.2 
345.567  1 8.78 1.23 45.67 
 
Transformation file: 
A transformation file contains the list of all the potential transformations. The first column contains 
the transformation name, the second the transformation formula, the third the transformation mass 
and the last a Boolean (true/false) that determines whether the transformation is used or not during 
the computation (note that if you don’t write anything the default value is true). 
 
ethyl addition (-H2O) C2H4 28.03130015 true 
Inorganic Phosphate P 30.9737634 true 




For a brief and referenced introduction to MetaNetter, please refer to the article: “MetaNetter: inference 
and visualization of high-resolution metabolomic networks”. 
Supplementary material 
To allow an easy first discovering of MetaNetter we provide a sample data set and a sample 




A tutorial is available on MetaNetter webpage: URL. 
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 This software is governed by the CeCILL license under French law and 
abiding by the rules of distribution of free software. You can use, modify 
and/ or redistribute the software under the terms of the CeCILL license as 
circulated by CEA, CNRS and INRIA at the following URL 
"http://www.cecill.info".  
 
 As a counterpart to the access to the source code and rights to copy, 
modify and redistribute granted by the license, users are provided only 
with a limited warranty and the software's author, the holder of the 
economic rights, and the successive licensors have only limited liability.  
 
 In this respect, the user's attention is drawn to the risks associated 
with loading, using, modifying and/or developing or reproducing the 
software by the user in light of its specific status of free software, that 
may mean that it is complicated to manipulate, and that also therefore 
means that it is reserved for developers and experienced professionals 
having in-depth computer knowledge. Users are therefore encouraged to load 
and test the software's suitability as regards their requirements in 
conditions enabling the security of their systems and/or data to be ensured 
and, more generally, to use and operate it in the same conditions as 
regards security.  
 
 The fact that you are presently reading this text means that you have 
knowledge of the CeCILL license and that you accept its terms. 
 
 
